Objectives. To evaluate the effectiveness of acupressure on the Taichong acupoint in lowering systolic and diastolic blood pressure (BP) in hypertensive patients. Methods. Eighty patients with hypertension attending a cardiology outpatient department in central Taiwan were included in this randomized clinical trial. Acupressure was applied to the Taichong acupoint in the experimental group ( = 40) and to the first metatarsal (sham acupoint) in the control group ( = 40). Blood pressure was measured by electronic monitoring before and immediately 15 min and 30 min after acupressure. Results. The average age of the experimental and control participants was 59.3 ± 9.2 years and 62.7 ± 8.4 years, respectively. The two groups were similar for demographics and antihypertensive drug use. Mean systolic and diastolic BP in the experimental group decreased at 0, 15, and 30 min after acupressure (165.0/96.3, 150.4/92.7, 145.7/90.8, and 142.9/88.6 mmHg); no significant changes occurred in the control group. There was a significant difference in systolic and diastolic BP between the experimental and control groups immediately and 15 and 30 min after acupressure ( < 0.05). Conclusion. Acupressure on the Taichong acupoint can lower BP in hypertensive patients and may be included in the nursing care plan for hypertension. However, additional studies are needed to determine the optimal dosage, frequency, and long-term effects of this therapy.
Introduction
Hypertension is a common disease and a major risk factor for coronary artery ischemia and stroke. The incidence of hypertension is projected to reach 29.2% (1.56 billion) by 2025 [1] . In the meantime, approximately 8 million people die from complications of hypertension every year. The prevalence of hypertension is 29.6% in the US population aged older than 18 years [2] and 22.6%-24% and those aged older than 15 years in Taiwan [3] . It is known that blood pressure (BP) is positively correlated with the risk of heart attack, heart failure, stroke, and renal disease [4] . Hypertension also ranked eighth among the leading causes of death in Taiwan in 2014. Thus, prevention and treatment of hypertension are an issue of 2 Evidence-Based Complementary and Alternative Medicine international medical concern and a challenge faced by all medical professionals.
Effective control of hypertension can decrease the incidence of heart attack and stroke. The World Health Organization (2013) recommends combining nonpharmacological treatment with antihypertensive drugs to control BP in patients with hypertension [5] . Despite combined treatment of hypertension, including traditional Chinese and conventional medicine, surveys have found that a large proportion of patients with hypertension do not achieve adequate BP control [2, 6, 7] . Thus, effective BP control should be the main objective in the ongoing effort to prevent and treat hypertension.
Taiwan has now integrated traditional Chinese medicine into the national healthcare system [8] . In addition to Chinese herbs and conventional medicines, traditional Chinese medical acupuncture is also used in the treatment of hypertension [9] . A survey in Taiwan found that the population often used a combination of conventional and traditional Chinese medicine [10] ; 62.5% of those surveyed used traditional Chinese medicine at least once [11] and 81% had used complementary alternative medicine (CAM) in the previous year. The most commonly used forms of CAM include Gua Sha, cupping, tuina, and massage (45%) [8] . Thus, it is clear that there is a high degree of acceptance of acupoint methods and meridian treatment among the Taiwanese.
Although Kaneko et al. reported that Taichong acupuncture (LR3) did not lower BP in their study patients [12] , other studies in both animals and humans have suggested that acupuncture on the Taichong acupoint is effective in the treatment of hypertension [13] [14] [15] [16] [17] [18] [19] [20] [21] . The effect of acupuncture on the Taichong acupoint in the treatment of hypertension is rapid in onset, lowering systolic and diastolic BP within 20-30 min [13, 14] . Acupuncture and acupressure are based on the meridian system of traditional Chinese medicine and use fingers or needles to stimulate acupoints by various techniques to achieve the same therapeutic effect [22] .
Previous research has examined the combined effect of tuina and acupressure on BP control [23] . However, no experimental studies have been reported on the BP-lowering effects of Taichong acupressure. Thus, the purpose of this study was to explore the ability of acupressure on the Taichong acupoint to lower BP in outpatients with hypertension. The results of this study could provide nursing staff with a further therapeutic option when managing patients with hypertension. Further, nurses are well placed to teach patients and/or their family members to perform this massage technique at home to enhance the quality of care available for patients with hypertension.
Materials and Methods

Design.
We used a randomized controlled trial using repeated measures. January 2013. The study inclusion criteria were as follows: a diagnosis of primary hypertension by a physician; a baseline systolic BP of 150-180 mmHg; age 40-75 years; willingness to participate in the study and sign the consent form. The exclusion criteria were as follows: suspected acute stroke, chest tightness, or pain of cardiac origin; ingestion of shortacting antihypertensive medication within 2 h prior to the beginning of the study; skin damage at the Taichong acupoint or injury of the lower extremities; body temperature > 37.5 ∘ C (99.5 ∘ F); dyspnea; or pregnancy. Patients were screened by physicians in the outpatient clinic to determine if all eligibility criteria were met. The participants were moved to a quiet discussion room in order to avoid the noisy atmosphere in the clinic and to decrease the risk of white-coat hypertension, which could affect the study results [24] . Study participants were asked to sit on a sofa chair with back support in the discussion room for the duration of the study. The researcher selected a sealed envelope depending on the patient's sex to determine group allocation. It took approximately 15-20 min to explain the consent form and secure written informed consent from each study participant. This time interval had the advantage of buffering any transient changes in BP that may have occurred as a result of movement between the clinic and the discussion room.
Intervention.
The intervention was performed in all study subjects by the same researcher. The acupressure technique and procedures used were identical in the two groups; the only difference was the location of the acupressure points. In the experimental group, acupressure was applied to the Taichong acupoint of the right foot (located on the dorsum of the foot in the distal hollow at the junction of the first and second metatarsal bone, Figure 1 ). In the control group, acupressure was applied to a sham acupoint approximately 1 inch from the medial side of the Taichong acupoint on the first metatarsal. In both groups, the thumb was used to apply pressure to the acupoint in a perpendicular manner. Pressure was applied and held for 5 seconds (sec) and then released for 1 sec. This hold-release pattern was repeated 30 times over the course of 3 min. The pressure applied was approximately equivalent to 3 kg [25] .
Sample Size.
The sample size was calculated from the findings of a pilot study that included 8 participants (4 men, 4 women). The mean and standard deviation for the difference in systolic BP before and 15 min after acupressure between the two groups (effect size) were entered into G Power v.3.1.2 software [26] and set to t-test. A priori analysis was performed to calculate the sample size with the following input parameters: two tails, error probability = 0.05, and power (1 − error probability) = 0.8. The required sample size was calculated to be 60. Using an estimated 20% drop-out rate, we would need 80 subjects. Forty subjects were recruited for the experimental group and 40 for the control group. All participants enrolled completed the study.
Randomization.
In this study, a gender-stratified random assignment, conducted by nonteam members prior to the beginning of the study, was used to exclude the potential effect of sex on BP and acupressure [3, [27] [28] [29] [30] . The randomization process included the following: (1) 20 strips of paper labeled "control group" and 20 labeled "experimental group" being placed individually in opaque envelopes; (2) the envelopes being placed in a box labeled "male group" and each qualifying male participant receiving an envelope randomly picked from the box; (3) each participant being assigned to the experimental group or control group depending on the labeled strip in the envelope. For female participants, the random assignment steps were identical to those used in the male participants.
Measures
Validity and Reliability of Participant Data Record Sheet.
The following data were recorded: basic information for each participant, BP prior to and following acupressure, medical conditions, current medications, and any other factors that may influence BP. Next, a 6-person panel comprising Western physicians, Chinese medicine physicians, and nurse specialists performed content validity tests. The content validity index for all items ranged from 0.83 to 1.00.
Validity and Reliability of Electronic BP
Monitor. An oscillometric electronic BP monitoring device (CAS740, CAS Medical Systems, Inc., Branford, CT, USA) was used to measure BP prior to and following acupressure. According to the manufacturer, the device has a precision of ±5 mmHg and a standard deviation not greater than 8 mmHg. The accuracy of the electronic BP monitor was calibrated and tested regularly by the hospital medical engineering personnel. The reliability of the monitor was tested using the same monitor and measurement method in the study site. The monitor was set to automatically measure BP four times at 1-minute intervals and the test was conducted on 5 subjects. Thereafter, the coefficient of variation was 1.1%-2.1% and 1.3%-4.1% for systolic and diastolic BP, respectively.
Validity and Reliability of Digital Baby Scale.
The Digital Baby Scale (Model 727, Seca GmbH & Co. KG, Hamburg, Germany) used in this study had a precision of ±2 g and was used to train researchers to apply acupressure steadily and effectively. The training regime was performed over 2 consecutive weeks. The researcher was trained to apply pressure in a perpendicular manner with the right thumb to the middle of the surface of the Digital Baby Scale 30 times consecutively until 3 kg of pressure could be consistently applied and the error kept within 0.5 kg.
Validity and Reliability of Acupressure
Staff. Acupressure staff received 180 h of training in traditional Chinese medicine nursing courses. The training included meridian and acupoint theory as well as practical sessions. Prior to starting the study, the researcher was instructed on correct acupressure skills and the location of the Taichong acupoint by two Chinese physicians.
Data Collection.
Personal information and BP were recorded for each participant by the same researcher. The effectiveness of acupressure was evaluated by measuring BP in the right upper arm [31] before and immediately after acupressure and 15 and 30 min later. Participant information was collected by verbal inquiry and a search of the medical records while waiting for BP to be measured.
Data Analysis.
The statistical analysis was performed using SPSS version 22.0 for Windows (IBM Corp., Armonk, NY, USA). The frequency, percentage, mean, and standard deviation were used as descriptive statistics. The chi-square test and independent t-test were used to evaluate the homogeneity of the baseline demographics of participants in both groups and to evaluate the difference in BP in both groups before and after the acupressure intervention. The paired ttest was used to evaluate the difference in BP at baseline and after intervention. The linear mixed-effect model for repeated measures was used to analyze the effect of the intervention on BP under conditions where confounding factors such as gender, age, and medications were controlled.
Ethical Considerations.
The research protocol was reviewed and approved by the institutional review board of Taichung Veterans Hospital in central Taiwan (number CF12105). Before recruitment, the study protocol was described to the subjects in detail, after which they signed consent forms. Participants were informed that they could withdraw from the study at any time and that withdrawal would not affect their treatment. After completion of the study, the researcher taught the controls how to locate the Taichong acupoint and apply self-acupressure.
Results
Participant Information.
This study was conducted between August 2012 and January 2013. Of the 220 patients who met the inclusion and exclusion criteria, 80 agreed to participate and completed the study (Figure 2) . The reasons for refusal to participate included the following: family members or friends were waiting to take the patient home ( = 70, 50%); other work to attend to ( = 42, 30%); and lack of interest or unwillingness in participation ( = 28, 20%).
Most patients who agreed to participate were very interested in the aim of the study and asked for more information about acupressure, which may explain why there were no withdrawals from the study.
Distribution and Analysis of Demographics and Factors
Affecting BP in Both Groups. Table 1 shows the distribution and statistical analysis of demographics and factors affecting BP in the experimental group ( = 40, mean age 59.25 ± 9.19 years) and control group ( = 40, mean age 62.70 ± 8.41 years). The majority of participants in both groups were on regular medication, and 45% of participants in each group had taken medication within the 8 h prior to participating in the study. The baseline systolic BP in the experimental group (164.98 ± 16.72 mmHg) was significantly ( < 0.05) higher than in the control group (154.80 ± 14.99 mmHg). There was no significant difference ( > 0.05) between these two groups with regard to diastolic BP or demographic parameters affecting BP at baseline.
Comparison of Effectiveness Characteristics of Acupressure in the Experimental and Control Groups.
The mean systolic and diastolic BP in the experimental group tended to decrease after acupressure, but there were no significant BP changes in the control group (Figure 3) . Table 2 shows the changes in BP prior to and following acupressure as well as a comparison of the effectiveness characteristics of acupressure between the two groups. In the experimental group, systolic BP decreased by a mean of 14.6, 19.3, and 22.1 mmHg and diastolic BP decreased by a mean of 3.6, 5.5, and 7.4 mmHg when compared with the control group at 0, 15, and 30 min after application of acupressure. A paired t-test demonstrated that the difference in BP before and after intervention was significantly different in the experimental group ( < 0.05), but not so in the control group ( > 0.05). An independent ttest comparing changes in BP in both groups at baseline and at different time points following acupressure showed that the decrease in systolic and diastolic BP in the experimental group was significantly greater than in the control group ( < 0.05).
A (1) a = (before acupressure)/(immediately after acupressure); b = (before acupressure/15 min after acupressure); c = (before acupressure/30 min after acupressure); d = experimental group/control group (immediately after acupressure − before acupressure); e = experimental group/control group (15 min after acupressure − before acupressure); f = experimental group/control group (30 min after acupressure − before acupressure). (2) < 0.05; * < 0.05; * * < 0.01.
BP, blood pressure.
BP, gender, age, interactions between groups, and time between measures were significantly different ( < 0.05). Group, time between measures, and medication use were not significantly different ( > 0.05, Table 4 ). The effectiveness of acupressure in lowering systolic and diastolic BP in the experimental group was significantly different from that in the control group after adjusting for confounding factors, including gender, age, and medication use. Specifically, the decrease in systolic and diastolic BP immediately and 15 min and 30 min after acupressure in the experimental group was greater than in the control group.
Discussion
The results of this study demonstrated that acupressure on the Taichong acupoint was much more effective than acupressure on a sham acupoint in lowering systolic and diastolic BP in patients with hypertension. Further, acupressure on the Taichong acupoint immediately lowered BP, and the lowering effect lasted for at least 30 minutes. Therefore, nurses could teach patients with hypertension and their family members how to use acupressure on the Taichong acupoint as a self-care strategy. Further studies are needed to establish the effectiveness of this therapy in the real-world setting, including dosage, compliance, and long-term results.
In this randomized study, the distribution of gender, age, smoking status, history of hypertension, medication use, and preacupressure diastolic BP of participants in both groups were similar. The baseline systolic BP in the experimental group was significantly higher than in the control group. However, the influence of baseline BP on changes in postacupressure BP could be adjusted using the linear mixed-effect model for repeated measures and by setting the preacupressure BP value as the baseline [32, 33] .
Previous studies have shown that acupuncture at the Taichong acupoint can lower BP [13, 14, 17, 34] . The average decrease in systolic and diastolic BP in the present study was similar to that obtained after acupuncture [14, 35] . In traditional Chinese medicine, hypertension belongs to the categories of "dizziness" and "headache" [9, 36] . The Huangdi Neijing states that "all wind and dizziness disorders belong to the liver." The Taichong acupoint is the yuan (source) acupoint of the liver meridian, and it has been documented in the literature that stimulation of the Taichong acupoint could spread liver Qi [9, 37] . Yuan (source) points are meridian points where the vital energy (yuan Qi) of the zang-fu organs passes and stays. These points are implicated in disease related to the five Yin organs and are responsible for the regulation of yuan Qi. Puncturing the yuan (source) points can stimulate the vital energy of the regular meridians, regulating the functional activity of the internal organs [38, 39] . Therefore, acupressure on the Taichong acupoint may stimulate liver function to facilitate the smooth flow of (liver) qi throughout the body, thereby lowering systolic and diastolic BP. However, further studies are needed to explore the mechanism of acupressure.
Previous studies have shown that the ability of acupuncture to lower BP can last for up to 150 minutes [35] . In this study, although BP was monitored for only 30 min after acupressure, the changes in BP before and after acupressure in the experimental group indicated a continuing downward trend of BP at 30 min after acupressure. Further studies are needed to identify the duration of effect of acupressure with regard to lowering BP to establish an appropriate time interval between each application of acupressure on the Taichong acupoint.
In this single-blind study, all intervention steps were performed by one researcher to ensure consistency. However, certain researcher-related confounders could not be entirely avoided. To minimize confounding and increase the operational precision of the researcher, the following measures were adopted: (1) development of a unified experimental protocol and explanatory information before the study; (2) minimization of measurement errors by using the same electronic BP monitor and avoiding operator error; and (3) participation in a training program to ensure the researcher could apply acupressure steadily and effectively. Blood pressure was measured only once at each time point in this study, which will inevitably result in some errors and variability, but these errors occurred randomly at the preacupressure and postacupressure time points. It should be pointed out that the generalizability of the results of this study to hypertensive patients younger than 40 years or older than 75 years is limited. In this study, because BP was monitored for only up to 30 min after application of acupressure, the effectiveness of acupressure in lowering BP beyond 30 min cannot be determined. Therefore, the effective duration of acupressure has yet to be determined.
Conclusion
Acupressure is one of the methods used in traditional Chinese medicine for the prevention and treatment of disease. It is a simple, noninvasive technique that nurses can perform independently. These findings suggest that acupressure on the Taichong acupoint could lower systolic and diastolic BP in patients with hypertension for at least 30 min. Further studies are needed to establish the effectiveness of this therapy in the real-world setting, including dosage, compliance, and longterm results. 
